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(54) Discharge lamp lighting system with overcurrent protection for an Inverter switch or 
switches 



(57) A lighting system for a discharge lamp includes 
an inverter circuit (5, 5a, 5b, 5c or 5d) to whidi is con- 
nected a load circuit (6, 6a or Sb) including a resonant 
circuit of an inductor (12) and a capacitor (1 1) in serial 
connection, with a discharge lamp (13) connected in 
paraftel with the capacita. An inversely frequency 
dependent voltage is applied between the lamp elec- 
trodes according to a predefined resonance character- 
istic such that the resonance frequency (/J is less than 
a discharge start frequency (^2) at which the lamp is to 
start glowing. For lighting up the lamp the frequency of 
the inverter output voltage is changed from a first fre- 
quency [f]) that is higher than the discharge start fre- 
quency to a second frequency (/s) that is less than the 
resonance frequency. 

If the lanp accidentally goes off, the current flowing 
through the load circuit will advance out of phase with 
the inverter output voltage, possibly resulting in the 
destruction of inverter switch or switches (Q^ and Q2) 
due to overcurrent. This danger is precluded by con- 
stantly monitoring the phase of the load current and, in 
event the load cun'ent is found to be in phase advance, 
by maldng the inverter output frequency higher than the 
resonance frequency of the resonant circuit and thereby 
delaying the phase of the toad current. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to lighting systems for 
discharge lamps, and pertains more particularly to a 
lighting system having an inverter and associated 
means for control of the inverter output frequency for 
harmlessly and quickly lighting up a discharge lamp as 
typified by a fluorescent lamp. Still more particularly, the 
invention concerns, in such a lamp lighting system, how 
to protect the switch or switches of the inverter against 
destruction due to overcurrent. 
[0002] It has been known and practiced conventionally 
to incorporate an inverter in discharge lamp lighting sys- 
tems for higher lighting efficiency, among other pur- 
poses, as disclosed for example in Japanese Patent No. 
-2627740. . Such known lighting systems having an 
inverter are alike In including a resonant circuit of an 
inductor and a capacitor connected in series between 
the pair of output terminals of the inverter, with the dis- 
charge lamp connected in parallel witii the capacitor. 
The discharge lamp has its pair of filamentary elec- 
trodes connected in series with the capacitor in order to 
be preheated before being lit up. 
[0003] The magnitude of the current flowing through 
the LC resonant circuit is frequency dependent, growing 
to a maximum at a resonance frequency and diminish- 
ing in both increasing and decreasing directions from 
that frequency, because both inductor and capacitor of 
the resonant arcurt inherently possess resistive compo- 
nents. Consequentiy. the voltage across the capacitor 
also maximizes at tiie resonance frequency and dimin- 
ishes in both directions from that frequency. 
[0004] As is well known, an electron radiating sub- 
stance is coated on the filamentary electrodes of the 
discharge lamp. In a lighting system including an 
inverter, the lamp electi'odes are preheated as afore- 
said, instead of being suddenly subjected to a voltage 
high enough to initiate an electric discharge tiierebe- 
tween. in order to prevent the electron radiating sub- 
stance from vaporizing or scattering away from the 
filaments. The pre-heating of the lamp elecb'odes are 
accomplished by maintaining the voltage across the 
capacitor at a constant value less than the voltages 
applied during the subsequent lightup perkKl. The lamp 
Is then lit up by decrementing the inverter output fre- 
quency and thereby incrementing the voltage across 
the capacitor until the lamp starts glowing witii the com- 
mencement of a discharge between the lamp elec- 
trodes. 

[0005] In discharge lamp lighting systems of the 
above known constructions, there have been a problem 
left unsolved in connection with tiie switch, or tiie pair of 
switches, of the inverter. An abnormally high current 
would flow through the inverter switch or switches if the 
cun'ent of the LC resonant circuit were in phase 
advance with respect to the inverter output voltage. The 



inverter switch or switches would be ruined with the 
repeated flow of such overcurrent, 
[0006] It is known, however, that the LC resonant cir- 
cuit operates as inductive reactance at frequencies 

5 above the resonance frequency, and as capacitive reac- 
tance at frequencies below the resonance frequency 
The current ftawing through the resonant circuit is in 
phase delay when it is operating as inductive reactance, 
and in phase advance when it is operating as capacitive 

10 reactance. The inverter is therefore driven so as to pro- 
vide output frequences above the resonance frequency 
of tiie resonant circuit in order to preclude tiie danger of 
destruction of tiie inverter switch or switches. 
[0007] As has been mentioned, tiie lamp is lit up by 

IS decrementing the inverter output frequency from a pre- 
determined value (fi in RG. 6 of tiie drawings attached 
hereto) above the resonance frequency [f^) until the 
lamp starts glowing (as at /2). The voltage required for 
holding tiie lamp glowing can be less tiian its discharge 

20 Start voltage, so that the inverter output frequency Is fur- 
ther reduced after tiie lamp has been lit up. and fixed at 
a value (^3) tiiat is less tiian the resonance frequency 
(/q) of tiie LC resonant circuit. However, on being lit up, 
tiie discharge lamp becomes electrically connected in 

25 parallel with the resonant capacitor. The resonant fre- 
quency (^4) of the resulting resonant circuit, inclusive of 
tiie glowing discharge lamp, is less than that (y of tiie 
LC resonant circuit exclusive of the lamp and, indeed, 
tiie normal output frequency {f^) of the inverter. Thus 

30 tiie inverter output frequency (^3) remains higher ttian 
ttie resonant frequency (^4) when the lamp Is glowing, 
too, holding the current of tiie resonant circuit in phase 
delay and so saving the inverter switch or switches from 
overcurrent desfuction. 

35 [0008] The statement of ttie preceding paragraph 
holds ti'ue. however, only in the case where tiie dis- 
charge lamp Is in good working state. Near tiie end of its 
service life in particular, the lamp may accidentally go 
off while being energized with the inverter output fre- 

40 quency at the normal value (fa). Thereupon this normal 
frequency will become less than the resonant frequency 
(fj which is tiien determined by the LC resonant circuit 
exclusive of the discharge lamp. Conventionally, the 
resulting phase advance of the resonant circuit cun-ent 

45 have caused the flow of overcurrent to ttie inverter 
switch or switches, destroying them in ttie worst case. 
[0009] The same accident has occurred with totally 
malfunctioning or used-up discharge lamps tiiat remain 
unlit when the inverter output frequency is reduced as 

so above for lighting them up. 

[001 0] An obvious remedy to this inconvenience might 
seem to hoW the inverter output frequency above ttie 
resonant frequency (fj of the resonant circuit exclusive 
of the discharge lamp when ttie lamp is unlit, and hence 

55 to prevent current flow through the resonant circut in 
phase advance. This solution is unsatisfactory, bringing 
about other inconveniences, because of the nanrowing 
of ttie inverter output frequency range, or of the voltage 
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range off the resonant capacitor, that could be utilized for 
lighting up the lamp. 

SUMMARY OF THE INVENTION 

s 

[001 1 ] It is therefore among the objects of this inven- 
tion to save, in a discharge lamp lighting system includ- 
ing an inverter, the inverter switch or switches from 
overcurrent destruction when the lamp accidentally 
goes off, or remains unlit, while being applied with the io 
inverter output voltage in order to be lit up. 
[0012] Briefly, the present invention may be summa- 
rized as a discharge lamp lighting system providing for 
overcunrent protection of an inverter switch or switches. 
Included Is an inverter circuit to which is connected a is 
load circuit including a resonant circuit having a capaci- 
tor with which a discharge lamp is to be connected in 
parallel, in order to cause an inversely frequency 
dependent voltage to be applied between a pair of elec- 
trodes of the lamp according to a predefined resonance 20 
characteristic. The resonant circuit has a resonance fre- 
quency ttiat is less than a discharge start frequency at 
which tiie lanp is to start glowing. Also connected to tiie 
inverter circuit are inverter control means for lighting up 
the tanrp by changing the frequency of the output volt- 25 
age of the inverter circuit from a first frequency which Is 
higher than the discharge start frequency to a second 
frequency which is less tiian the resonance frequency 
of the resonant circuit, and for holding the lamp glowing 
by maintaining the output voltage of the inverter drcuit 30 
at ttie second frequency. 

[0013] Whether the lamp is properly lit up or not is 
detectable from the phase relationship between tiie 
inverter output voltage and a current flowing through the 
load circuit. Thus the lamp lighting system according to 3S 
the invention additionally comprises phase advance 
detector means for ascertaining whether or not a cur- 
rent flowing through the load circuit is in phase advance 
witii respect to the inverter output voltage. Overriding 
frequency control means are connected between the 4o 
phase advance detector means and the inverter contt)! 
means for causing the inverter control means to make 
the inverter output frequency higher ttian the resonance 
frequency of the resonant circuit when the current flow- 
ing through the load circuit is ascertained to be in phase 4s 
advance or phase lead witii respect to the output volt- 
age of the inverter circuit. 

[0014] Since the load current becomes advanced in 
phase when the discharge lamp accidentally goes off, 
or remains unlit while being applied witii an inaeasing so 
voltage past its discharge start voltage, the inverter out- 
put frequency is automatically readjusted to bring the 
load current back into phase delay or phase lag com- 
pared to the inverter output voltage. The switch or 
switches included in tiie inverter circuit can tiius be pro- ss 
tected from destruction due to overcurrent. 
[001 5] Furtiier. if the lamp goes off while being ener- 
gized with the inverter output voltage at the noted sec- 



ond frequency {f^ in RG. 6), which is less than the 
resonance frequency (/J of the resonant circuit exclu- 
sive of the lamp but higher tfian the resonance fre- 
quency (/4) of tiie resonant circuit inclusive of the lamp, 
the inverter output frisquency is automatically made 
higher than the resonance frequency (/J exclusive of 
tiie lamp. The load current is tiierefore not to be left in 
phase advance for any such extended period of time as 
to incur damage to tiie Inverter switch or switches. 
[001 6] It is also to be appreciated that, for lighting up 
tiie lamp, the inverter output frequency is invariably 
decreased linearly from the first frequency (fi) to a fre- 
quency less than the resonance frequency (f J. Conse- 
quently, even if the lanp fails to start glowing at the 
prescribed discharge start frequency (^2). it may do so 
as tiie frequency is further reduced with the consequent 
increase in the voltage across tiie lamp to a value higher 
ttian that at tiie discharge start frequency. 
[001 7] The above and other features and advantages 
of this invention and tiie manner of realizing them will 
become more apparent, and the invention itself will best 
be understood, from a study of the following description 
and attached claims, with reference had to the attached 
drawings showing some preferable embodiments of tiie 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

FIG. 1 IS a schematic electrical diagram, partiy in 
block form, of tiie discharge lamp lighting system 
embodying the principles of the present invention; 
HG. 2 is a schematic electrical diagram showing in 
more detail tiie inverter control circuit of tiie RG. 1 
discharge lamp lighting system; 
RG. 3 is a block diagram showing in more detail the 
frequency control signal generator circuit included 
in the RG. 2 inverter control circuit; 
RG. 4 is a schematic electrical diagram of tiie 
phase advance detector circuit of ttie FIG. 1 dis- 
charge lamp lighting system; 
RG. 5 is a diagram of the waveforms of tiie output 
voltage of the FIG. 3 frequency control signal gen- 
erator circuit, and the frequency of the output volt- 
age of RG. 1 inverter circuit; 
RG. 6 is a graph plotting the cun/es of tiie reso- 
nance capacitor voltage against the inverter output 
frequency when the lamp is lit and unlit, in the RG. 
1 discharge lamp lighting system; 
RG. 7 is an equivalent diagram of ttie load circuit of 
ttie RG. 1 lamp lighting system; 
RG. 8 is a diagram of waveforms ttiat appear at var- 
ious parts of tiie RG. 1 discharge lamp lighting sys- 
tem when tiie load current is in phase delay witii 
respect to tiie inverter output voltage; 
RG. 9 is a diagram of waveforms ttiat appear at var- 
ious parts of the FIG. 1 discharge lamp lighting sys- 
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tern when the load current is in phase advance with 
respect to the Inverter output voltage; 
RG. 10 is a diagram of waveforms that appear at 
various parts of the RG. 4 phase advance detector 
circuit when the load current is in phase delay with 
respect to the inverter oulput voltage; 
RG. 11 is a diagram of waveforms that appear at 
various parts of the RG. 4 phase advance detector 
circuit when the load current is in phase advance 
with respect to the inverter output voltage; 
RG. 12 is a diagram of waveforms that appear at 
various parts of the RG. 2 inverter control circuit; 
RG. 13 is a schematic electrical diagram, partly in 
block form, of a modified Inverter control circuit 
forming a part of another preferred form of dis- 
charge lamp lighting system according to the 
present invention; 

RG. 14 is a schematic electrical diagram of a mod- 
ified phase advance detector circuit for use with the 
RG. 13 inverter control circuit; 
RG. 15 is a partial schematic electrical diagram of 
a third preferred form of discharge lamp lighting 
system according to this invention; 
RG. 16 is a schematic electrical diagram of a mod- 
ified inverter control circuit and a modified phase 
advance detector circuit forming parts of the third 
preferred form of discharge larrp lighting system; 
RG. 1 7 is a schematic electrical diagram of a fourth 
preferred form of discharge lanp lighting system 
according to this invention; 
RG. 18 Is a schematic electrical diagram of a fifth 
preferred form of discharge lamp lighting system 
according to this invention; 
RG. 19 is a schematic electrical diagram of a sixth 
preferred fbrni of discharge lamp lighting system 
according to tills invention; and 
RG. 20 Is a schematic electrical diagram of a sev- 
enth preferred form of discharge lamp lighting sys- 
tem according to tills invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[001 9] The invention will now be described more spe- 
cificdlly in terms of tiie first preferred form of discharge 
lamp lighting system illustrated In its entirety in FIG. 1. 
Herein shown adapted for lighting up a familiar fluores- 
cent lamp 13 by being powered from a pair of commer- 
cial alternating current supply terminals 1 and 2 via a 
power switch 3, tiie lighting system broadly comprises a 
rectifying and smootiiing circuit 4 connected to the a.c. 
supply terminals 2 and 3 for providing a direct current, 
an inverter circuit 5 for reconverting the d,c. Input from 
the rectifying and smoothing circuit Into an a.c. output, a 
load circuit 6 including tiie fluorescent lamp 13 and con- 
nected to tiie inverter circuit 5 via a coupling capacitor 7. 
an inverter control circuit 8 for controllaby driving the 
inverter circuit 5, and a phase advance detector drcult 



10 connected to tiie load circuit 6 via a cunrent detector 
9 for ascertaining whetfier ttie current flowing tiirough 
tiie load circuit is in phase advance witii respect to tiie 
inverter output voltage. 

5 [0020] Intended to serve as d.c. power supply of tiie 
lamp lighting system, the rectifying and smootiiing cir- 
cuit 4 is shown to have a first Input 4a connected to one 
commercial ax. supply terminal 1 via tiie power switch 
3, and a second input 4b coupled directiy to tiie other 

10 a.c. supply terminal 2. Conventionally comprising a 
diode rectifier circuit and a smootiiing capacitor, botii 
not shown, the rectifying and snxwtiiing circuit 5 pro- 
vides a unidirectional voltage between a pair of d.c. sup- 
ply terminals 4c and 4d. 

15 [0021 ] The inverter circuit 5 comprises a pair of elec- 
fronic switches Oi and O2 connected In series witfi 
each other between the pair of d.c. output terminals 4c 
and 4Gf of the rectifying and smootiiing circuit 4, and 
capacitors Ci and C2 connected in parallel one witfi 

20 each switch. The electronic switches and O2 are 
shown as well known metal oxide semiconductor field- 
effect transistors (MOS FETs) each having a source 
electrode connected to a substrate region and essen- 
tially comprising a FET switch-section S^ or S2 and a 

25 diode section Di or O2 inversely connected in parallel 
therewitii. Alternately turned on and off. the pair of MOS 
FET switches and 0^ conventionally functions to 
translate tiie d.c. output voltage of tiie rectifying and 
smootiiing circuit 4 into an a.c. voltage for application to 

30 ttie load circuit 6, The capacitors Ci and function pri- 
marily to prevent rapid rise in tiie drain-source voltages 
I/qs of the switches 0^ and O2 when tiiey are turned 
off, thereby lessening switching losses. 
[0022] Notwithstanding ttie showing of RG. 1 tiie 

35 switch sections and S2 and ttie diode sections Di 
and D2 could be parallel connections of discrete parts. 
Also, ttie switch sections could be bipolar transistors 
rattier tiian FETs. 

[0023] The load circuit 6 Includes a resonance capac- 

40 itor 1 1 and a resonance inductor 1 2 in addition to the flu- 
orescent lamp 13. TTie fluorescent lamp 13 is of familiar 
design having a tubular envelope 14 of vitreous material 
witii a fluorescent coating on its Inner surface, and a 
pair of filamentary electrodes 15 and 16 at the opposite 

45 ends of the envelope. Botii electrodes 15 and 16 con- 
ventionally bear electron radiating coatings. The elec- 
frode 15 is shown connected between a pair of 
terminals 17 and 18. and ttie otiier electrode 16 
between another pair of terminals 19 and 20. It is under- 

50 stood tiiat ttie fluorescent lamp 1 3 is replaceable, being 
coupled to tiie terminals 17-20 ttirough conventional 
plug-and-socket connections. 
[0024] The resonance capacitor 1 1 is connected both 
to ttie terminal 17 on one extremity of one filamentary 

55 electrode 15 of ttie lamp 13 and to ttie terminal 19 on 
one exti^emity of tiie other lamp electrode 16. Thus tiie 
resonance capacitor 7 is in series with tiie lamp elec- 
trodes 15 and 16 and in parallel with the discharge path 
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between these tamp eiectrodes. Consequently, the volt- 
age Vc across the capacitor 11 can be impressed 
between the pair of lamp electrodes 15 and 16. 
[0025] Shown as a coil with a core, the resonance 
inductor 12 is connected via the coupling capacitor 7 
between the junction 21 a of the inverter switches 
and O2 and the lamp terminal 18. The lamp terminal 20 
is connected to the source electrode of the second MOS 
FET switch O2 of the inverter circuit 5. The resonance 
capacitor 11 and the resonance inductor 12 are there- 
fore interconnected in series, forming a serial resonant 
circuit. Additionally, the inductor 12 is connected in 
series with the fluorescent lamp 13 when the latter is 
glowing. This inductor could be connected between the 
terminal 20 of the lamp 13 and the source of the second 
MOS FET switch Q2 of the inverter circuit 5. Irrespective 
of whether the lamp 13 is lit or unlit, a cunent flows 
through the lamp electrodes 15 and 16 as long as the 
power switch 3 is closed, because the serial circuit is 
always completed which comprises the inductor 12. first 
lamp electrode 15, resonance capacitor 1 1 and second 
lamp electrode 16. Thus the lamp electrodes 15 and 16 
can be preheated by such current flow before the lamp 
is lit up. 

[0026] As indicated in FIG. 7 showing a drcuit equiv- 
alent to the load circuit 6, the resonance capacitor 1 1 
can be thought of as a serial connection of capacitance 
Ca and internal resistance Ra. and the resonance 
Inductor 12 as a serial connection of inductance L and 
internal resistance Rb. The lamp 13 when unlit has its 
pair of filamentary electrodes electrically disconnected 
from each other, so that it is only the capacitor 1 1 and 
inductor 12 that determine the resonance frequency of 
the aerial resonance circuit during that time. When the 
lamp 13 is glowing, on the other hand, the resonance 
frequency is determined not only by the capacitor 11 
and inductor 12 but also by the lamp, its electrodes 
being now electrically interconnected. 
[0027] Graphically represented in RG. 6 are the rela- 
tionships between the frequency 1 of the output voltage 
of the inverter circuit 5 and the voltage Vc across the 
resonance capacitor 1 1. The curve A is tiie f-Vc char- 
acteristic when the lamp 13 is unlit, and the curve B that 
when the lamp is glowing. The ounces A and B Indicate 
tiiat the capadtor voltage Vc is frequency dependent 
being tiie highest at the resonance frequency Iq when 
tiie lamp is unlit and at tiie resonance frequency 
when tiie lamp is lit. Below these resonance frequen- 
ces the capacitor voltage Vc is in direct proportion to 
tiie inverter output frequency / and. above thai fre- 
quency, in inverse proportion thereto. The electric 
power supplied from inverter drcuit 5 to load drcuit 6 
has also frequency dependendes similar to the curves 
A and e. 

[0028] The capadtance Cc. FIG. 7. of the coupling 
capadtor 7 is greater ttian tiie capadtance Ca of the 
resonance capacitor 1 1 , so much so that tiie resonance 
frequency of the circuit comprised of the load circuit 6 



and ttie coupling capacitor 7 is nearly the same as theft 
of only tiie load circuit 6. In short the capacitance Cc of' 
tiie coupling capacitor 7 hardly affects tiie resonance 
frequency. 

5 [0029] The present invention utilizes the frequency 
range of tfie cun/e A above the resonance frequency f^, 
where tiie capadtor voltage Vc is inversely dependent 
upon the inverter output frequency /. for preheating and 
lighting up the lamp 13. The lamp is to start glowing at 

10 f2, and is to be kept glowing at which is intermediate 
the resonance frequendes /q and U of the curves A and 
B. 

[0030] The configurations of the inverter control circuit 
8 and phase advance detector drcuit 10, to be set fbrtii 
15 subsequentiy with reference to FIGS. 2-4, will be better 
understood by first studying in connection witii FIGS. 5 
and 6 how the lamp 13 is lit up in the instant embodi- 
ment of the invention. 

[0031 ] In the bottom half of RG. 5 is plotted tiie curve 

20 of ttie frequency-f of ttie a.c. output produced by tiie 
inverter circuit 5 for preheating and lighting up tiie lanp 
13, against time t As the power switch 3, RG. 1, is 
dosed at a moment to in time, the inverter drcuit 5 is 
caused to supply to the load circuit 6 the a.c. output of 

25 the frequency of which, as indicated in RG. 6. the 
corresponding resonance capacitor voltage Vc^ is sig- 
nificantiy less tiian the voltage VC2 at which tfie lamp 13 
is designed to start an electric discharge. The lamp 13 
will therefore remain unlit, but rts filaments 1 5 and 1 6 will 

30 be preheated by current flow through tiie resonance cir- 
cuit of capadtor 1 1 and inductor 12. The inverter output 
is maintained at this preheat frequency during a pre- 
scribed preheat period Ta, from fo to f^, of, say. 500- 
1 000 milliseconds. The preheat frequency may be set 

35 somewhere between 80 and 90 kilohertz. 

[0032] The inverter output frequency need not be con- 
stant throughout the preheat period Ta: instead, it may 
be deaemented witii time in a range above f^. 
[0033] During the subsequent lightup period Tb, from 

40 to f4, the inverter output frequency is dropped from 
to ^3, either linearly, as depicted in RG. 5, or in disaete 
steps, past tiie intended discharge start frequency 
and ttie resonance frequency of tiie period the lamp 
is unlit. If normal, tiie lamp 13 will start glowing at the 

45 discharge start frequency or at t2 in RG. 5. or there- 
abouts. Even if the lamp fails to start glowing at ^2 
because of fluctuations in performance, tiie inverter out- 
put frequency will continue dropping toward tiie reso- 
nance frequency f^. witii the consequent continuation of 

50 tiie rise in capacitor voltage Vc toward the peak value 
Vco. The lanp will start a discharge by when the res- 
onance frequency is reached, being earlier tiian t4, 
if the performance fluctuations are within the range of 
allowance. 

55 [0034] As has been set fortii in connection witii ttie 
prior art, ttie lamp 13 on glowing will become electrically 
connected in parallel with the resonance capadtor 1 1 , 
causing a change in the frequency dependence of ttie 
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capacitor voltage Vc from curve A to curve B in FIG. 6. 
The Inverter output frequency is dropped to ^3 at ^4 and 
fixed at that value as long as the lamp is held glowing 
thereafter. The frequency fz is such that the corre- 
sponding capacitor voltage Vcz is less than the dis- 
charge start voltage VC2. 

[0035] Near the end of its useful life in particular, the 
lamp 13 may become unlit while being driven at the 
Inverter output frequency /s, again converting the fre- 
quency dependence of the capacitor voltage Vc from 
curve B back to curve A. Thereupon the frequency 
would be less than the resonance frequency of the 
resonant circuit exclusive of the lamp 13. The current /|_ 
flowing through the load circuit 6 would then be in phase 
advance with respect to the inverter output, because 
then the load circuit 6 would be capacitive reactance. 
Overcurrent would then flow through the inverter 
switches and Q2, possibly to their destruction, in the 
absence of the novel inverter switch control means of 
the instant invention to be set forth hereafter. 
[0036] With reference back to FIG. 1 the inverter con- 
trol circuit 8 incorporates novel circuit means according 
to the invention for controlling the inverter switches O1 
and Q2 not only when the lamp 13 is functioning nor- 
mally but also, in cooperation with the cun'ent detector 9 
and phase advance detector circuit 10. when the lamp 
goes off after being lit up as above. The inverter control 
circuit 8 has two outputs connected to the gate elec- 
trodes of the inverter switches Qt and Q2 by way of 
conductors 21 and 22 and to the phase advance detec- 
tor circuit 10 by way of conductors 23 and 24. It is under- 
stood that the inverter control circuit 8 Is additionally 
coupled to the source electrodes of the inverter 
switches O1 and Q2 for supplying thereto gate-source 
voltage signals \/qsi ^ ^gs2 inverter switch con- 
trol signals. 

[0037] The current detector 9 is coupled to the con- 
ductor through which there flows the load cun'ent l\_ and 
Is connected to the phase advance detector circuit 10 
by way of a conductor 25. A current transformer is a pre- 
fen-ed example of the current detector 9, although other 
devices such as a magnetoelectric converter might be 
employed. 

[0038] Inputting the load current li and the gate- 
source voltage signals V^qsi ^gs2* phase 
advance detector circuit 10 constantly monitors whether 
the load current Is in phase advance with respect to the 
inverter output voltage. The resulting outputs from the 
phase advance detector circuit 10 are fed over conduc- 
tors 26 and 27 to the inverter control circuit 8. 
[0039] Reference is now invited to RG. 2 for detailed 
discussion of the inverter control circuit 8. Broadly, this 
circuit 8 may be considered the combination of a varia- 
ble frequency pulse generator circuit 28, a switch con- 
trol signal forming circuit 29. a frequency control signal 
generator circuit 30, and an ovenriding frequency control 
circuit 31. 

[0040] The variable frequency pulse generator circuit 



28 is essentially a voltage controlled oscillator, compris- 
ing a capacitor 32 for producing a triangular wave, a 
charging circuit 33 for the capacitor 32, and a discharg- 
ing and wave shaping circuit 34, in order to generate 

5 pulses at a repetition rate depending upon the fre- 
quency control voltage signal fed from the frequency 
control signal generator drcult 30. 
[0041 ] The charging circuit 33 of the pulse generator 
circuit 28 comprises a pair of transistors 35 and 36 con- 

10 stituting a Miller circuit, another pair of transistors 37 
and 38 constituting another Miller circuit, two cun-ent 
control transistors 39 and 40, and six resistors 41. 42, 
43, 44, 45 and 46. The transistors 35 and 36 are both of 
PNP type, having their emitters connected to a supply 

15 terminal 47 via resistors 41 and 42, respectively. It is 
understood that the supply terminal is connected to a 
control power supply, not shown, which is connected to 
the rectifying and smoothing circuit 4, RG. 1 . The bases 
of the transistors 35 and 36 are interconnected and con- 

20 nected to the collector of the transistor 35. which collec- 
tor is grounded via the resistor 43. The collector of the 
other transistor 36 is grounded via the transistor 39. 
[0042] Constituting another Miller circuit, the transis- 
tors 37 and 38 are also both of PNP type, also having 

25 their emitters connected to the supply terminal 47 via 
the resistors 44 and 45. respectively, and their bases 
jointly connected to the collector of the transistor 37. 
which collector is grounded via the transistor 40 and 
resistor 46. The collector of the other transistor 38 is 

30 connected to the capacitor 32 via a current limiting 
resistor 47a which is shown external to the charging cir- 
cuit 33. The capacitor 32 has another terminal 
grounded. Of NPN type, the transistor 40 has its base 
connected to the collector of the transistor 36. so that 

35 the transistor 39 sen/es as a variable resistance bypass 
for the base cun^ent of the transistor 40. 
[0043] The discharging and wave shaping circuit 34 
comprises three resistors 48. 49 and 50, a discharging 
transistor 51, two comparators 52 and 53. and an RS 

40 flip flop 54. The resistors 48-50 are serially connected 
between supply terminal 47 and ground for providing 
two different reference voltages for the comparators 52 
and 53. The first comparator 52 has one input con- 
nected to the junction between capacitor 32 and resistor 

45 47a. and the other input to the junction between the 
resistors 48 and 49. Thus the first comparator 52 com- 
pares the triangular wave voltage U32 across the capac- 
itor 32 with the first reference voltage from between 
the resistors 48 and 49, going high each time the trian- 

50 gular wave voltage crosses the first reference voltage. 
Having hysteresis, the first comparator 52 provides a 
series of pulses with a predetermined duration (desig- 
nated rdin RG.12). 

[0044] The second conparator 53 has one input con- 
55 nected to the junction between capacitor 32 and resistor 
47a, and the other input to the junction between the 
resistors 49 and 50. The second comparator 53 goes 
high each time the triangular wave voltage Vz2 crosses 
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the second reference voltage ^2 between the 
resistors 49 and 50. the second reference voltage being 
higher than the first Also having hysteresis, the sec- 
ond conparator 52 provides pulses of approximately 
the same duration as that of each first comparator out- 5 
put pulse. 

[0045] The first comparator 52 delivers its output 1^52 
both to the switch control signal forming circuit 29 and to 
the set input S of the flip flop 54 for discharge control of 
the capacitor 32. The second comparator 53 delivers its w 
output \/53 to the reset Input R of the flip flop 54. The 
output 1^54 from the phase-inverted output from the flip 
flop 54 will therefore go tow each time the flip flop is set 
by the leading edge of a pulse from the first comparator 
52. and high each time the flip flop is reset by the lead- r5 
ing edge of a pulse from the second comparator 53. 
[00461 Connected to the base of the transistor 51 . the 
flip flop 54 will cause conduction therethrough while 
being reset (as from to U RG- 12), providing a dis- 
charge path for the capacitor 32 via the resistor 47a. 20 
Since this discharge circuit has a fixed time constant 
the period during which the flip flop 54 stays reset is 
unchanged. The period during which this flip flop 54 
stays set (as from to 12). on the other hand. 

Is subject to change as the current charging the capaci- 25 
tor 32 is under control. It will be seen from the foregoing 
that the first comparator 52 functions as wave shaping 
circuit for the triangular wave voltage and addition- 
ally participates in discharge control of the capadtor 32. 
[0047] The switch control signal forming circuit 29 30 
responds to the pulses \/cq^ from the pulse generator cir- 
cuit 28 by produdng the gate-source voltage signals 
l^QSi and \/qs2 for on/off control of the inverter switches 
0^ and Q2, RG. 1 . Included are a NOT drcuit 55 and a 
trigger flip flop 56 which are both connected to the first 35 
comparator 52 of the pulse generator circuit 28. Trig- 
gered by the leading edges of the output pulses V52 
from the first comparator 52 (as at and ^4 in RG. 12). 
the flip flop 56 switches between the two stable states. 
[0048] Also included in the switch control signal form- ao 
ing drcuit 29 are a first AND gate 57 having its two 
inputs connected to the noninverting output of the flip 
flop 56 and to the NOT drcuit 55, and a second AND 
gate 58 having Its two irputs connected to the Inverting 
output of the flip flop 56 and to the NOT drcuit 55. The as 
two AND gates 57 and 58 produces the gate-source 
voltage signals Vqsi and 1/qs2 for delivery both to the 
switches Qt O2 of the Inverter drcuit 5, RG. 5. over 
the conductors 21 and 22 and to the phase advance 
detector circuit 1 0 over the conductors 23 and 24. so 
[0049] The two gate-source voltage signals Vqsi and 
Vqs2 ai'e so interrelated (RG. 12) that there are what 
may be termed "dead times" during which neither of the 
inverter switches O1 and O2 is actuated by these sig- 
nals. Each dead time, determined by the duration Td of ss 
each output pulse from the comparators 52 and 53, 
should preferably be not less than the time required for 
the voltage across the capadtors and C2 to become 



zero by reverse charging. 

[0050] Shown also in RG. 2. the oven-iding frequency' 
control circuit 31 of the inverter control drcuit 8 com- 
prises two switches 59 and 60. both shown as triansis- 
tors, which are connected in parallel with the triangular 
wave generating capadtor 32 of the pulse generator cir- 
cuit 28 for its compulsory discharge.. The bases of 
these switching transistors 59 and 60 are connected to 
the phase advance detector circuit 10. shown in block 
form in RG. 1 and yet to be detailed with reference to 
RG. 4, by way of the conductors 26 and 27 in order to 
be thereby rendered conductive upon detection of the 
phase advance of the load current by that circuit 1 0. 
[0051 ] As drawn block diagrammatlcally In RG. 3. the 
frequency control signal generator drcuit 30 of the 
inverter control drcuit 8 comprises a preheat timer 61 . a 
lightup timer 62. and a control voltage generator drcuit 
63. Both timers 61 and 62 have their outputs connected 
to the control voltage generator drcuit 63. The output of 
the preheat timer 61 is additionally connected to the 
lightup timer 62. 

[0052] The preheat timer 61 responds to the closure 
of the power switch 3, RG. 1, by putting out a preheat 
pulse signal Indicative of the preheat period Ta from to 
to in RG. 5, for delivery to the control voltage gener- 
ator drcuit 63. Capable of generating a variable control 
voltage Vf for Inverter output frequency control, this cir- 
cuit 63 puts out the control voltage of relatively high, 
constant magnitude when the pulse output from the pre- 
heat timer 61 Indicates tiie preheat period 7a, as shown 
in the top half of RG. 5. 

[0053] Immediately upon lapse of the preheat period 
Ta the light up timer 62 puts out a lightup pulse signal 
representative of the lightup period Tb from t-\ to in 
RG. 5. The control voltage generator circuit 63 
responds to this input pulse by putting out the ranp volt- 
age that decreases lineariy in value from V-^ to V2 dur- 
ing the lightup period Tb, The ramp voltage may be 
obtained by causing a capadtor, not shown, to dis- 
charge. After ^4 in RG. 5, when the lamp 13 Is to be kept 
glowing, the control voltage generator circuit 63 pro- 
duces anotiier. lower constant voltage 1^2- 
[0054] With reference back to RG. 2 the contird volt- 
age Vf from the circuit 30 is Impressed to the gate of the 
transistor 39 of tiie charging circuit 33. This transistor 39 
Is meant for use as variable resistor, Impeding the flow 
of the base current of the transistor 40 in proportion to 
the control voltage Vf. The resistance of the transistor 
39 is high when the high control voltage V-^ is being 
impressed to Its base during the preheat period Ta, cor- 
respondingly limiting the bypassing of the base current 
of the transistor 40 to the transistor 39. The collector 
current of the transistor 40 will therefore be of relatively 
great magnitude, and so will be that of the transistor 38, 
resulting In relatively rapid charging of the triangular 
wave capacitor 32. The gate-source voltage signals 
Vqsi and Vqq2 for the on-off control of the inverter 
switches Qj and O2 be correspondingly high in rep- 
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etition frequency. Thus, as indicated in RG. 5. the 
inverter output frequency / will be of the relatively high, 
constant value f-\, corresponding to the high control volt- 
age during the preheat period 7a. 
[0055] The triangular wave capacitor 32 will be 
charged at decreasing rates with the linear decrease in 
the magnitude of the control voltage Vf from to V2 
during the lightup period Tb as in the top half of RG. 5. 
As the gate-source voltage signals Vqq^ and Vqq2 
become correspondingly lower In repetition frequency, 
the inverter output frequency / will diminish from to ^3 
as in the bottom half of RG. 5. 
[0056] It is self-evident from the foregoing that the 
inverter output frequency f will be of the low, constant 
value ^3 when the control voltage Vf is fixed at the low 
value V2 after ^4 in RG. 5. 

[0057] The phase advance detector circuit 10, shown 
in block form in RG. 1 . is illustrated In detail in RG. 4. It 
comprises two comparators CPi and CP2, two RS flip 
flops FFi and FFg, two NOT circuits INV^ and INV2, 
and two logic circuits and G2. The positive input of 
the first comparator CPi and the negative input of the 
second comparator CP2 are both connected to the cur- 
rent detector 9. RG. 1. via the conductor 25. The nega- 
tive input of the first conparator CP-i is connected to a 
first reference voltage source E^, and the positive input 
of the second comparator CP2 to a second reference 
voltage source £3. The first reference voltage source £1 
provides a reference voltage +e that is higher than the 
mean value (e.g. zero) of the voltage Vi conresponding 
to the load current /|_, as Indicated in RGS. 10 and 11. 
The second reference voltage source E2 provides 
another reference voltage -e that is lower than the mean 
value of the voltage Vi. 

[0058] The fb-st f Kp flop FF^ has its set input S con- 
nected to the first comparator CP-^ , and its reset Input R 
to the first NOT circuit /A/l^i and thence to the AND gate 

57, RG. 2, of the switch control signal forming circuit 29. 
The second flip flop FFg has its set input S connected to 
the second comparator CP2. and its reset input R to the 
second NOT circuit INV2 and thence to the AND gate 

58, RG. 2. of the switch control signal forming circuit 29. 
[0059] The logic drcuits and G2 are both shown as 
inhibit AND gates. The first logic circuit G^ has Its invert- 
ing input connected to the first comparator CP^ , and its 
noninverting input to the noninverting output Q of the 
first flip flop FFi. The second logic circuit G2 has its 
inverting Input connected to the second comparator 
CPg, and its noninverting input to the noninverting out- 
put Q of the second flip flop FF2. The outputs of the 
logic circuits G^ and G2 are connected respectively to 
the bases of the switching transistors 59 and 60, RG. 2. 
of the overriding frequency control circuit 31 . 

Operation 

[0060] RG. 8 depict the waveforms of the voltages 
^GSi. ^082. ^DSi and Vqq2 anc* cunrents /qi, /q2, /ci. 



/c2 and /l appearing at correspondingly designated 
parts of the RG. 1 lanp lighting system when the lamp 
13 is glowing normally From to to in RG. 8 Is one of 
the noted dead times during which neither of -the 

5 inverter switches and Q2 is actuated. Owing to the 
functioning of the capacitors and C2 during the t^-t^ 
dead time the drain-source voltage Uqsi of the first 
inverter switch will become zero at f^, when the 
gate-source voltage \/gsi will be impressed to this first 

10 inverter switch. The cun-ent /qi will then flow through 
the first inverter switch 0^ as a circuit is completed 
which comprises the first d.c. supply terminal 4c. first 
inverter switch Q^, coupling capacitor 7, Inductor 12, 
resonance capacitor 11, and second d.G. supply terml- 

15 nal 4cf. 

[0061 J During the •f2 period in RG. 8 a current cor- 
responding to the final part of one negative half-cycle of 
the load current will flow through the diode section 
of the first inverter switch O1. Then, during the subse- 

20 quent f2-/3 period, ^ positive-going cunrent will flow 
through the switch section of the first switch . The 
waveforms of the first switch current Iq^ and load cur- 
rent li during the ^1-/3 period will be sinusoidal, deter- 
mined by the inductance of the inductor 12, the 

25 capacitance of the resonance capacitor 11. and the 
capacitance of the glowing lamp 13. 
[0062] At ^3, when the gate-source voltage V^qsi of 
the first inverter switch becomes zero, the cun-ent 
/qi that has been flowing through the first switch will 

30 start flowing through the dosed circuit comprising the 
load drcuit 6, the coupling capacitor 7, and the second 
capacitor C2 connected In parallel with the second 
inverter switch Q2- ^ the second capacitor C2 is thus 
reversely charged with the.cun'ent /c2. the voltage 

35 across this second capadtor and therefore the drain- 
source voltage Vqs2 0^ second inverter switch 
will start dropping linearly at ^3 and become zero at ^4. 
[0063] The drain-source voltage Vqq^ of the first 
inverter switch 0^, on the other hand, will rise linearly 

40 from zero during the t^-U period, that voltage being the 
voltage between the pair of supply terminals 4c and 4of 
minus the drain-source voltage Vds2 ^ the second 
Inverter switch Q2. A zero-volt switching will thus be 
achieved when the first switch is turned off. The 

45 gate-source voltage \/qs2 of the second Inverter switch 
Q2 will go high at ^4 when the drain-source voltage Vqs2 
of the second inverter switch Q2 becomes zero, accom- 
plishing a zero-volt switching when the second inverter 
switch Is turned on. 

so [0064] The diode section D2 of the second inverter 
switch Q2 will become no longer reverse biased by the 
second capacitor C2 at ^4 when the voltage aao^ this 
second capacitor becomes zero. The load current /|. will 
then start flowing to the diode section D2. so that the 

55 current /q2 of the second inverter switch O2 ^'ows 
reversely through its diode section D2 from ^4 to ^5; that 
is, the current flows through the closed circuit of the load 
drcuit 6 with the Inductor 12, the secorid inverter switch 
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diode section Og. and the coupling capacitor 7 during 
this ^4"% period. 

[0065] Hie positive going current /q2 of the second 
inverter switch Q2 during the subsequent fs-fg period 
will flow through the circuit of the load circuit 6, coupling s 
capacitor 7, and second inverter switch Og- This current 
/q2 flows through the load circuit 6 in a direction oppo- 
site to that of the current /q^ of the first inverter switch 
Qi during the ^2*^3 period. 

[0066] At fe. when the second inverter switch Qoes 10 
off, the current /q2 that has been flowing through the 
second switch O2 ^'ow to both capacitors and 
C2. With the flow of the cun'ents /ci and Icz during the 
ts'tj period, the voltage across the first capacitor will 
drop linearly as it is charged reversely, and so wilt the is 
drain-source voltage Uqsi 0^ ^•''st inverter switch Q^. 
The voltage across the second capacitor C2 and the 
drain-source voltage Vqsz of the second inverter switch 
Q2 will rise linearly. Thus are accomplished zero-volt 
switchings when the second inverter switch O2 's turned 20 
off and when the first inverter switch Q-| Is turned on. 
[0067] As has been set forth with reference to RG. 5, 
the output frequency f of the inverter drcuit 5 is varied 
from fi to fz, RG. 6. during the lightup period Tb in the 
course of which the lamp 13 is to start glowing, as at ^2 25 
In FIG. 5. The resulting operation of the FIG. 1 lamp 
lighting system will be similar to what has been herein- 
before explained in connection with RG. 8. only if the 
load drcurt 6 is an inductive reactance. 
[0068] It will also be recalled In association with RG. 30 
6 ttiat the load circuit 6 becomes a capadtive reactance 
if tiie lanp 13 accidentally goes off and if, as has been 
the case heretofore, the inverter output frequency f was 
left as at ^3, less than the resonance frequency /q of the 
curve A. Then, as indicated in RG. 9, tiie cun-ents Iq^ 35 
and /q2 of ttie inverter switches and Q2 and the load 
current li will ali be in phase advance with respect to the 
gate-source voltages Vq^^ and Vqq2 ^^'^ fo the 
resulting inverter output voltage. The cunrent waveforms 
/qi . Iqz and li are depicted in this diagram so that they 4o 
become increasingly more phase advanced with time. 
[0069] During the /q-^i period in RG. 9, being in phase 
advance, both first inverter switch current /qi and load 
current li are shown to cross zero at . wNch precedes 
t2 when the first gate-source voltage Vqsi goes low. 45 
The negative-going first inverter switch current /qi and 
load current li from to tz will flow through the drcuit 
comprising the load circuit 6, coupling capacitor 7. and 
the diode section 0^ of the first inverter switch The 
second inverter switch O2 will turn on at when its 50 
gate-source voltage Vqq2 9oes high. The load cun-ent 
/{_ will now flow to the second inverter switch 02- At tiie 
same time the carriers that have been stored on the first 
inverter switch diode section will be released, and 
the current due to this carrier release will flow into the ss 
second inverter switch Q2. The pair of outputs 4c and 
4d of the rectifying and smootiiing drcuit 4 are short- 
drcuited by the first inverter switch diode section and 



the second inverter switch O2 ^''orn ^3 to t^, so that tiie 
currents /qi and /q2 will be of greater magnitude than- 
tiie peak value of tiie current /qi from to . 
[0070] Should tiie load drcuit 6 be left irr phase 
advance, overcun'ent would flow each time the second 
inverter switch O2 is turned on. possibly resulting In tiie 
destruction of either or both of the inverter switches 
and ^® present invention precludes this danger by 
making tiie inverter output frequency higher than tiie 
resonance frequency on the RG. 6 curve A upon 
detection of the phase advance of the load cuaent by 
tiie phase advance detector circuit 10, RG. 4. Overcur- 
rent protection is accomplished as the load drcuit 6 is 
turned into an inductive reactance in tiiis manner. 
[0071] How tiie phase advance detector circuit 10 
detects the phase advance will be best understood by 
studying the waveforms of RGS. 10 and 11. RG. 10 
shows tiie waveforms appearing at various parts of ttie 
RG. 4 phase advance detector circuit 10 when the load 
drcuit 6 is inductive reactance, with tiie toad current /l 
in phase delay with respect to ttie inverter output volt- 
age and tiie inverter switch gate-source voltages \/gsi 
and 1/qs2- H shows the waveforms appearing at 
tiie same parts of the phase advance detector drcuit 10 
when the load circuit 6 is acddentally turned into capac- 
itive reactance, with the load cunent /^ consequentiy in 
phase advance with respect to the inverter output volt- 
age and the inverter switch gate-source vdtages. The 
output voKage Vi of the current detector 9, con^espond- 
ing to the load cun-ent /|_ flowing through the load circuit 
6. is shown as a sinusoidal wave in both RGS. 10 and 
11 for ease of explanation. 

[0072] Directed over the line 25 into tiie comparators 
CP^ and CP2. RG. 4. of tiie phase advance detector 
drcuit 1 0. ttie output voltage Vi of the current detector 9 
will be compared w'rth tiie two reference voltages +e 
and -e indicated by tiie dashed lines in both RGS. 10 
and 11. These reference voltages have positive and 
negative values, respectively, that are so close to zero 
tiiat tiie comparators CP^ and CP2 will put out pulses 
having durations only somewhat less than 1 80 electrical 
degrees of tfie current detector output voltage Vi. 
[0073] Thus, in botti RGS. 1 0 and 1 1 . tiie intervals tz- 
fs, trk and so forth between tfie output pulses of tiie 
two comparators CP^ and CP2 (i.e. tiie periods during 
which pulses are produced by neither of tiiese compa- 
rators) represent tfiose fractions of ttie cunrent detector 
output vdtage Vi which are close to zero, not more in 
value than tiie first reference vdtage 4-e and not less In 
value than the second reference voltage -e. According 
to tiie present invention, and in this embodiment, 
whettier the control pulses of the Inverter switches O1 
and Q2 (i.e. the gate-source voltages Vqsi ^Gsa) 
are properiy controlling them or not is determined from 
whetiier tiie trailing edges of the control pulses are 
located witfiin the pulse intervals (3-/5, fy-fg and so 
fortii. 

[0074] For tfiat determination the output pulses of the 
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comparators CP^ and CP2 are directed to the set inputs 
S of the flip f tops FF^ and FFg, respectively, to the reset 
inputs R of which are directed the inversions of the 
gate-source voltages Vqsi and Vqsz- The resulting 
pulse outputs from the flip flops FF^ and FFg are as 
shown also in RGS. 10 and 11 It will be observed from 
RG. 10 that the flip flop output pulses are less in dura- 
tion than the output pulses of the comparators CP^ and 
CP2 during the normal operation of the lamp lighting 
system, thereby keeping low the outputs I/26 and V27 
from the inhibit AND gates and G2. 
[0075] In event the lamp has accidentally gone off, on 
the other hand, the output pulses of the flip flop FFt and 
FF2 will grow long^ in duration than the output pulses 
of the comparators CP-j and CP2, as In FIG. 11 . There 
will therefore be periods, as from fa to ^4, from ty to t^, 
and from f^o to fn, during which the comparators CPi 
and CiP2 are low whereas the flip flops FF^ and FF2 are 
high. The logic circuits and G2 wilt then produce 
short duration pulses, indicating that the load cun-ent fi 
is in phase advance or phase lead. 
[0076] The short duration pulses V26 and V27 from the 
phase advance detector circuit 10 will be impressed to 
the bases of the switching transistors 59 and 60, RG. 2, 
of ttie oven-iding frequency control circuit 31 . Thereupon 
the repetition rates of the gate-source voltages Vqq^ 
and V^QS2 ^i^' become higher, as has been set forth in 
connection with tiie waveforms after the moment ts in 
RG. 12. making the resulting inverter output frequency 
f higher tiian the resonance frequency of the curve A 
in FIG. 6. For example, the resulting inverter output fre- 
quency is f2 between fQ and f 1 . 
[0077] If the lamp remains unlit, the load cun^ent will 
again advance In phase. Thereupon the foregoing cyde 
of operation will be repeated to delay the phase of the 
load cun-ent. Such alternate advances and delays in the 
phase of the load cunent is far preferable to the conven- 
tional practice of leaving tiie current advanced in phase 
from tiie viewpoint of overcun'ent protection of the 
Inverter switches Ot and 02- Experiment has proved 
that, protected against overcun-ent according to the 
instant invention, these switches become drastically 
less heated than if the load cun'ent is left advanced In 
phase according to the prior art. 
[0078] The automatic return of the Inverter output fre- 
quency to ttie normal value f^, RG. 6. after the phase 
advance of the load cunent has been corrected is pre- 
ferred because the lamp, after once going off for some 
reason or other, may In all likelihood resume glowing. 
The useful IHe of the lamp can thus be extended to the 
maximum possible degree. 

[0079] It will also be appreciated tiiat the inverter out- 
put frequency / is reduced from to ^3, RGS. 5 and 6„ 
past tiie resonance frequency even if tiie lamp fails to 
light up at the prescribed frequency ^2- Even tiien the 
lamp may start an electi'ic discharge as the inverter out- 
put frequency draws nearer the resonance frequency f^y 
This feature will prove to be an advantage since the 



lamp lighting system according to the invention must be 
expected to be put to use with discharge lanps of 
greatly different lightup characteristics. 

5 Second Form 

[0080] The second preferred form of discharge lanrp 
lighting system according to the invention features a 
modified inverter control circuit 8d. RG. 13, and a mod- 

10 if led phase advance detector drcuit 10a. RG, 14. 
These modified circuits 8a and 10a are intended for use 
in the RG. 1 lighting system in substitution for their first 
disdosed counterparts 8 and 10. Only these modified 
drcuits will tiierefore be described in detail, it being 

15 understood that tiie other parts of the second system 
are as set forth above in conjunction witii RGS. 1-12. 
[0081] The modified inverter control circuit 8a of RG. 
1 3 differs from the RG. 2 inverter control drcuit 8 only In 
the constructfon of tiie oven-iding frequency confrol cir- 

20 cuit 31 a. This circuit-31 a comprises a variat)le resistor 
in tiie form of a ti^ansistor 60a and an integrating circuit 
74. Unlike the switching transistor 60, RG. 2, of tiie pre- 
ceding embodiment, which is connected in parallel witii 
tiie capacitor 32. tiie transistor 60a is connected in par- 

25 allel with the resistor 46 of the charging drcuit 33 of the 
pulse generator drcuit 28. The integrating circuit 74 has 
its input connected to the single output conductor 27 of 
tiie modified phase advance detector drcuit 10a. RG. 
14, for smoottiing the output V^r therefrom preparatory 

30 to delivery to tiie base of tiie transistor 60a. 

[0082] A comparison of RG. 14 with RG. 4 will reveal 
tiiat the modified phase advance detector circuit 10a is 
similar to the original circuit 1 0 except for tiie absence of 
tiie flr^ comparator CP^ first reference voltage source 

35 E-i, first flip flop FF^, first logic drcuit Gi, and first 
inverter INV^ from tiie former. The comparator CP2, ref- 
erence voltage source E2, flip flop FF2, logic circuit G2. 
and inverter INV2 are left in the circuit 10a. witii tiie 
Input of the Inverter INV2 connected to tiie output line 

40 24 of tiie inverter control drcuit 8. and the negative input 
of the comparator CP2 connected to the current detec- 
tor output line 25. The inverter INV2 could, however, be 
connected to the inverter control circuit output line 25 for 
Inputting the gate-source voltage \/qsi of tiie first 

45 inverter switch instead of the gate-source voltage 
V^GS2 0^ the second inverter switch O2. 
[0083] The modified phase advance detector circuit 
10a will operate just like the RG. 4 drcuit 10. producing 
a low output as long as the load current is in phase 

so delay. Upon phase advancement of the toad cun^ent. on 
tiie other hand, the phase advance detector circuit 10a 
will put out pulses similar to those shown in RG. 11 for 
tiie RG. 4 circuit 10. The oveniding frequency control 
drcuit 31a will operate, upon receipt of a prescribed 

55 number, indusive of one, of pulses from the phase 
advance detector drcuit 10a witiiin a preset length of 
time, to cause an inaease in the current charging tiie 
triangular wave capadtor 32 of tiie pulse generator cir- 
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cuH 28 so as to make the inverter output frequency / 
higher than the resonance frequency /q ori the curve A 
in HG. 6. Thus the second embodiment of the invention 
accomplishes the same purposes as the first disclosed 
embodiment. s 

Third Form 

[0084] In still another prefen'ed form of lamp lighting 
system according to the invention, the current detector io 
9 is rearranged as in RG. 15 for detecting phase 
advancement from the cun-ent of the second inverter 
switch Q2* and a modified phase advance detector cir- 
cuit Is provided as at 10/? in RG. 16 for half-wave phase 
detection like the RG. 14 circuit 10a. The inverter con- is 
trol circuit is also modified correspondingly, as illus- 
trated in RG. 16 and therein generally labeled Bb. This 
third embodiment of the invention is similar to the first 
entbodlment In.the other details of oonstruction. 
[0085] The RG. 1 5 current detector 9 detects the cur- 20 
rent /q2 of the second inverter switch Q2, that current 
being shown in both RGS. 8 and 9 in conjunction with 
the first disclosed embodiment. The current detector 
output signal Vi is sent over the line 25 to the phase 
advance detector circuit 1 0b. 25 
[0086] The phase advance detector circuit 10b is 
shown greatly simplified in RG. 16 because it is identi- 
cal in construction with the RG. 14 phase advance 
detector circuit 10a except for the inputs of the compa- 
rator CP2. As indicated in RG. 16, the comparator CP2 30 
has a positive input connected to the cun-^t detector 9 
by way of the line 25, and a negative input connected to 
the reference voltage source E2 for inputting a positive, 
instead of negative, reference voltage +e. 
[0087] The modified inverter control circuit Bb, RG. 3S 
16, features an overriding frequency control circuit 316 
having but one switching transistor 60. Connected in 
parallel with the triangular wave generating capacitor 
32, as Is the transistor 60 of the RG. 2 circuit 31, the 
transistor 60 has its base connected directly to the out- 40 
put line 27 of the phase advance detector circuit lOb. 
[0088] Such being the construction of the third pre- 
ferred form of lamp lighting system according to the 
invention, it operates substantially like the first form and 
gains substantially the same advantages therewith. The 4s 
only operational difference is that the phase advance- 
ment is corrected only half as often as in tiie first 
embodiment. 

Fourth Form so 

[0089] RG. 17 shows the fourth prefen-ed form of 
lamp lighting system according to this invention, which 
is similar in construction to the first form except for hav- 
ing a half-bridge inverter circuit 5a of itself known con- ss 
struction in place of the RG. 1 inverter circuit 5. The 
inverter circuit 5a has a serial circuit of two voltage- 
dividing capacitors 75 and 76 connected in parallel with 



tiie serial circuit of two inverter switches and O2. 
The load circuit 6 is connected between the junction 
21a between the inverter switches and Q2 3>^.^6 
junction 77 between the voltage-dividing capacitors 75 
and 76. The load circuit 6 is of the same construction as 
those of the foregoing embodiments, comprising tiie flu- 
orescent lamp 13 and the resonance capacitor 1 1 and 
inductor 12. 

[0090] No operational description is considered nec- 
essary because tiie half-wave inverter circuit 5a, the 
sole feature of this embodiment, is of conventional 
design and itself operates just like the RG. 1 inverter 
circuit 5. 

Rfth Form 

[0091 ] The inverter circuit 5 of tiie first embodiment of 
tiie invention may be further modified as shown at 5b in 
RG. 18. The modified inverter circuit 5a differs from tiie 
RG. 1 inverter circuit 5 only in that tiie former does not 
have the first capacitor C^. Incorporating this inverter 
circuit 5a, the lanp lighting system needs no alteration 
of construction. 

[0092] When the first switch of the modified 
inverter circuit 5a is turned off, both tiie voltage across 
tiie remaining capacitor C2 and the drain-source volt- 
age Vqs2 second inverter switch O2 will drop 
gradually. The drain-source voltage Vqsi of the first 
inverter switch does not rise suddenly, being equal 
to the supply voltage minus tiie voltage across tiie 
capacitor C2. Zero-volt switching can tiius be realized 
when tiie first inverter switch Q2 is turned off. 
[0093] The possible phase advancement of tiie load 
current in tiiis fifth embodiment is contained in the same 
manner as in tiie first. 

Sixth Form 

[0094] The sixtti prefen'ed form of lamp lighting sys- 
tem shown in RG. 19 includes still another modified 
inverter circuit 5c in combination with a correspondingly 
modified load circuit 6a, tiie other details of constiuction 
being similar to those of the first preferred form. 
[0095] The inverter circuit 5c has a transformer pri- 
mary winding 80 having a center tap 81 connected to 
tiie d.c. output terminal 4c of tiie rectifying and smooth- 
ing circuit 4. Between ttie opposite extremities of tiie 
transformer primary 80 and ttie other d.c. output termi- 
nal 4d of the circuit 4 are connected respectively the 
parallel circuits of the inverter switches and Q2 and 
tiie capacitors 0^ and C2. The inverter switches and 
O2 are so oriented as to cause current flow toward tiie 
junction 21 a tiierebetween; in other words, the inverter 
switches are connected in parallel with each other via 
the transformer primary 80. 

[0096] Electromagneticaily coupled to the transformer 
primary 80 via a core 82, a transformer secondary 12a 
is shown included in the load circuit 6a for use as reso- 
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nance inductor having inductance L It is understood 
that the core 82 is so formed as to provide leakage flux. 
The transformer secondary or inductor 12a has one 
extremity connected to the lamp terminal 18 via a cou- 
pling capacitor 7, and another extremity connected to 5 
the lamp terminal 20. Connected between the other two 
lamp terminals 17 and 19. the capacitor 1 1 coacts with 
the inductor 12a to form a serial LC resonance circuit 
[0097] This system operates just like the HG. 1 sys- 
tem to restrict the phase advancement of the load cur- 10 
rent. In the inverter circuit 5c of the FIG. 19 
construction, the transformer core 82 may be magneti- 
cally saturated if. because of phase advancement of the 
load current, the first inverter switch O^. for instance, is 
turned on when a current is flowing through the diode is 
section O2 of the second inverter switch Qg. The 
inverter switches O1 and O2 protected from the 
resulting overcurrent as the phase advancement is con- 
tained according to the invention. 

20 

Seventh Fonii 

[0098] RG. 20 shows the seventh pretended form of 
lamp lighting system accading to the invention, which 
differs from the RG. 1 system in the constructions of an 25 
inverter circuit 5cf, load circuit 6b, inverter control circuit 
8c. and phase advance detector circuit 10c. 
[0099] The inverter circuit 5d is of known make having 
but one switch connected in series with a trans- 
former primary 91 between the pair of d.c. supply termi- 30 
nals 4c and 4d. Similar in construction to the RG. 19 
load circuit 6a, the load circuit Sb has a transformer 
secondary ^2b eiectromagnetically coupled to the 
transformer primary 91 via a core 92 having leakage 
flux. 35 
[01 00] The phase advance detector circuit 1 0c is sim- 
ilar to the RG. 1 4 circuit 10a In dealing with only the haK 
wave of the load current. 

[0101] Although not shown in detail, the inverter con- 
trol circuit 8c is understood to be similar in construction 40 
to the RG. 2 counterpart 8 except for the provision of a 
monostaWe multivibrator in place of the switch control 
signal forming drcuit 29. and for the atssence of the 
switching transistor 60 of the oven'iding frequency con- 
trol circuit 31. The monostable multivibrator produce 45 
pulses for actuating the single switch of the RG. 20 
inverter circuit 5d in response to the output pulses of the 
comparator 52, RG. 2. The single switching transistor, 
designated 59 in RG. 2, of the RG. 20 inverter control 
circuit 8c causes the triangular wave generating capac- so 
itor, designated 32 in RG. 2, to discharge in response to 
the output from the phase advance detector circuit 10c. 
[01 02] Thus, except for the inverter drcuit 5d, the FIG. 
20 system is essentially alike in construction and opera- 
tion to the RG. 1 system. As an additional operational ss 
advantage, however, the phase advance cancellation 
system according to the invention serves to limit current 
surges that may occur when the single inverter switch 



is turned on and off while the toad drcuit Sb is a 
capadtive reactance. 

[01 03] Although the present invention has been herer. 
inbefore described in terms of highly specific embiodi- 
ments thereof, it is not desired that the invention be 
limited by the exact details of such disclosure. A variety 
of modifications and alterations of the illustrated embod- 
iments may be resorted to without departing from the 
scope of this invention. For example, an FET of the 
known kind having a terminal for cun'ent detection may 
be employed as the second inverter switch, thereby 
essentially incorporating the current detector 9 with the 
second inverter switch. 

Claims 

1. A lighting system for a discharge lamp, comprising 
an inverter circuit (5. 5a, 5£). 5c or 5d) for providing 
a variable frequency output voltage, a load circuit 
(6, 6a or Sb) connected to the inverter circuit and 
induding a resonant drcuit having a capadtor (1 1) 
with which a discharge larrp (1 3) is to be connected 
In parallel, in order to cause an inversely frequency 
dependent voltage to be applied between a pair of 
electrodes (15 and 16) of the lamp according to a 
predefined resonance characteristic, the resonant 
drcuit having a resonance frequency (^o) is 
less than a discharge start frequency {f^ at which 
the lamp is to start glowing, and inverter control 
means (8, 8a, Bb or 8c) connected to the inverter 
drcuit for lighting up the lamp by changing the fre- 
quency of the output voltage of the inverter drcuit 
from a first frequency (Z^) which is higher than the 
discharge start frequency (f2) to a second fre- 
quency (fa) which is less than tiie resonance fre- 
quency (/q) of the resonant drcuit, and for hoWing 
the lamp glowing by maintaining the output voltage 
of the inverter circuit at the second frequency, char- 
acterized in that phase advance detector means 
(10, 10a. ^Qb or 10c) are provided for ascertaining 
whether or not a current flowing through the load 
drcuit is in phase advance with respect to the out- 
put voltage of the inverter circuit, and that overriding 
frequency control means (31 . 31 a or 31 b) are con- 
nected between the phase advance detector 
means and the inverter control means for causing 
the inverter control means to make the frequency of 
the output voltage of the inverter drcuit higher than 
the resonance frequency (/q) of the resonant circuit 
when the current f k>wing through the load circuit is 
ascertained to be in phase advance with respect to 
the output voltage of the inverter circuit, whereby, 
when found to be in phase advance with respect to 
the inverter output voltage, the load cunrent is auto- 
matically delayed in phase in order to protect a 
switch (0^) or switches (Q^ and O2) induded in the 
inverter circuit from destruction due to overcurrent. 
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2. A lighting system for a discharge lamp as claimed in 
claim 1 wherein the inverter circuit (5) includes a 
pair of inverter switches (Oi and O2) *o be alter- 
nately turned on and off for providing the variable 
frequency output voltagOp characterized in that the 5 
Inverter control means comprises a frequency con- 
trol signal generator circuit (30) for providing a fre- 
quency control signal, a variable frequency pulse 
generator circuit (28) connected to the frequency 
control signal generator circuit for providing a series 10 
of pulses at a repetition rate dictated by the fre- 
quency control signal, and a switch control signal 
forming circuit (29) connected between the variable 
frequency pulse generator drcuit and the inverter 
circuit for providing switch control signals thereby to is 
turn the pair of inverter switches (Qi and Q2) alter- 
nately on and off at rates determined by the output 
pulseiof the pulse generator circuit. 

3. A lighting system fa a discharge lamp as claimed in 20 
claim 2, characterized in that the overriding fre- 
quency control means comprises an overriding fre- 
quency control drcuit (31 ) connected to the variable 
frequency pulse generator drcuit (28) of the 
inverter control means for compulsorily modifying 25 
the repetition rate of the output pulses thereof in the 
event of phase advancement of the load current 

4. A lighting system for a discharge lanrp as daimed in 
claim 2, characterized in that the variable frequency 30 
pulse generator circuit (28) of the inverter control 
means comprises a capadtor (32) for providing a 
triangular wave voltage, a charging drcuit (33) for 
charging the capacitor of the pulse generator dr- 
cuit, discharging means (51) for discharging the 35 
capacitor of the pulse generator drcuit* and wave 
shaping means (52) for shaping the triangular wave 
output voltage of the capacitor into a series of 
pulses. 

40 

5. A lighting system for a discharge lamp as daimed in 
claim 4, wherein the frequency control signal gener- 
ated by the frequency control signal generator dr- 
cuit (30) of the inverter control means is a variable 
voltage signal indicative, by its own magnitude, of 4S 
the repetition rate of the output pulses of the varia- 
ble frequency puise generator circuit (28). and 
wherein the charging circuit (33) of the inverter con- 
trol means comprises means for controlling the 
charging of the capacitor (32) of the pulse genera- so 
tor circuit according to the voltage of frequency con- 
trol signal. 

6. A lighting system for a discharge lamp as daimed in 
claim 4, characterized in that the overriding fre- ss 
quency control means (31) comprises a switch (60) 
connected in parallel with the capacitor (32) of the 
variable frequency pulse generator drcuit (28) and 



adapted to be rendered conductive in the event of 
phase advancement of the load cun-ent. 

7. A lighting system for a discharge lamp as clalrried in 
daim 2, characterized in that the phase advance 
detector means comprises a current detector (9) for 
providing a voltage signal indicative of the cun'ent 
flowing through the load circuit (6). a first conrpara- 
tor (CPi) for comparing the output voltage [Vi) of 
the current detector with a positive reference volt- 
age (+e), a second comparator (CP2) for compar- 
ing the output voltage of the current detector with a 
negative reference voltage (-e), a first flip flop (FFi) 
having a f rst input connected to the first compara- 
tor and a second Input connected to the inverter 
control means (8) for inputting one (Vqsi) oi the 
switch control signals, a second flip flop (FF2) hav- 
ing a first Input connected to the second compara- 
tor and a second input connected to the inverter 
control means for inputting the other (V^gs2)o^ 
switch control signals, a first logic circuit (G^) hav- 
ing a first input connected to the first comparator 
and a second input connected to the first flip flop, 
and a second logic circuit (G2) having a first input 
connected to the second comparator and a second 
input connected to the second flip flop. 

8. A lighting system for a discharge lamp as claimed in 
daim 7, characterized in that the variable frequency 
pulse generator drcuit (28) of the inverter control 
means comprises a capacitor (32) for providing a 
triangular wave voltage, a charging circuit (33) for 
charging the capadtor of the pulse generator cir- 
cuit discharging means (51) for discharging the 
capacitor of the pulse generator circuit, and wave 
shaping means (52) for shaping the triangular wave 
output voltage of the capacitor into a series of 
pulses, and that the overriding frequency control 
means comprises a first switch (59) connected in 
parallel with the capacitor (32) of the pulse genera- 
tor circuit and adapted to be turned on and off by 
the first logic circuit (GO of the phase advance 
detector means (1 0), and a second switch (60) con- 
nected in parallel with the capacitor (32) of the 
pulse generator drcuit and adapted to be turned on 
and off by the second logic drcuit (G7) of the phase 
advance detector means. 

9. A lighting system for a discharge lamp as claimed in 
daim 2. characterized in that the phase advance 
detector means comprises a cun^ent detector (9) for 
providing a voltage signal indicative of the current 
flowing through the load drcuit (6), a comparator 
(CP2) for confiparing the output voltage (VI) of the 
current detector with a reference voltage (-e), a flip 
flop (FF2) having a first input connected to the com- 
parator and a second Input connected to the 
inverter control means (8) for inputting one (Vqs2) 
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of the switch control signals, and a logic circuit (Gg) 
having a first input connected to the conparator 
and a second input connected to the flip flop; 

1 0. A lighting system for a discharge lamp as claimed in 5 
claim 9, characterized in that the variable frequency 
pulse generator circuit (28) of the inverter control 
means comprises a capacitor (32) for providing a 
triangular wave voltage, a charging circuit (33) for 
charging the capacKor of the pulse generator dr- io 
cuit, discharging means (51) for discharging the 
capacitor of the pulse generator circuit, and wave 
shaping means (52) for shaping the triangular wave 
output voltage of the capacitor Into a series of 
pulses, and that the overriding frequency control is 
means comprises a switch (69) connected in paral- 
lel with the capacitor (32) of the pulse generator cir- 
cuit and adapted to be turned on and off by the logic 
circuit (G2) of the phase advance detector means. 

20 

11 . A lighting system for a discharge lamp as claimed in 
dalm 9. characterized in that the variable frequency 
pulse generator drcuit (28) of the Inverter control 
means comprises a capadtor (32) for providing a 
triangular wave voltage, a charging drcuit (33) for 25 
charging the capacitor of the pulse generator dr- 
cuit, discharging means (51) for discharging the 
capacitor of the pulse generator circuit, and wave 
shaping means (52) for shaping the triangular wave 
output voltage of the capacitor into a series of 30 
pulses, and that the overriding frequency control 
means comprises an integrating circuit (74) con- 
nected to the phase advance detector means for 
smoothing an output from the logic drcuit (G^). and 

a switch (60a) connected to the charging circuit for 35 
nxxJifying the charging of the capacitor (32) in 
response to an output from the integrating drcuit 

12. A lighting system for a discharge lamp aS daimed 

in claim 2. characterized In that the phase advance 40 
detector means comprises a current detector (9) for 
providing a voltage signal ( W) indicative of a current 
flowing through one O2) of the inverter switches, a 
comparator (CP2) for comparing the output voltage 
of the current detector with a reference voltage (-e). 4S 
a flip flop (FF2) having a first input connected to the 
comparator and a second input connected to the 
inverter control means for inputting one (V^osa) of 
the switch control signals, and a logic circuit (G2) 
having a first input connected to the comparator so 
and a second input connected to the flip flop; 

1 3. A lighting system for a discharge lamp as daimed In 
daim 1, characterized in that the inverter drcuit 
comprises a pair of inverter (O^ and Q2) switches ss 
intercomected in series and to be connected 
across a direct current power supply (4). and cou- 
pling means (7) for connecting one of the inverter 



switches in parallel with the load circuit (6). 

1 4. A lighting system for a discharge lamp as claimed in. 
daim 13. characterized n that the inverter circuit 
further comprises a pair of diodes (D^ and D2) each 
connected in parallel with, and oriented inversely to. 
one of the inverter switches (O1 and Q2I. 

1 5. A lighting system for a discharge lamp as daimed in 
daim 14, characterized in that the inverter circuit 
further comprises a pair of capacitors (Ci and C2) 
each connected in parallel with one of the inverter 
switches (O1 and Q2). 

16. A lighting system for a discharge lamp as daimed in 
daim 14. characterized in that the inverter circuit 
further comprises a capacitor (C2) connected in 
parallel with one (O2) of the inverter switches. 

17. A lighting system for a discharge lamp as claimed in 
daim 1. characterized in that the inverter circuit 
comprises a pair of vdtage-dividing capacitors (75 
and 76) interconnected in series and to be con- 
nected across a direct current power supply (4), 
and a pair of inverter switches (O1 and O2) inter- 
connected in series with each other and connected 
in parallel with the serial drcuit of the voltage-divid- 
ing capacitors, and that the load drcuit (6) is con- 
nected between a junction (77) between the pair of 
voltage-dividing capadtors and a junction (21a) 
between the pair of inverter switches. 

1 8. A lighting system for a discharge lamp as claimed in 
daim 1. characterized in that the Inverter circuit 
conprises a transformer primary winding (80) hav- 
ing a center tap (81) to be connected to one (4c) of 
a pair of outputs of a direct current power supply 
(4). a first inverter switch (O^) to be connected 
between one extremity of the transformer primary 
winding and the other [Ad) of the outputs of the 
direct cun'ent power supply, a second Inverter 
switch (O2) to be connected between another 
extremity of the transformer primary winding and 
said other output (4gO of the direct current power 
supply, and that the load drcuit includes a trans- 
former secondary winding (12a) electromagneti- 
cally coupled to the transformer primary winding of 
the inverter circuit, the transformer secondary wind- 
ing forming a part of the resonant drcuit as induc- 
tor. 

1 9. A lighting system for a discharge lamp as claimed in 
daim 1. characterized in that the inverter circuit 
comprises a transformer primary winding (91) hav- 
ing one extremity to be connected to one (4c) of a 
pair of outputs of a direct current power supply (4). 
and an inverter switch (O^) to be connected 
between another extremity of the transformer pri- 
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mary winding and the other (4cO of the outputs of 
the direct current power supply, and that load circuit 
includes a transformer secondary winding (^2b) 
electromagneticaliy coupled to the transformer pri- 
mary winding of the inverter circuit, the transformer 5 
secondary winding forming a part of the resonant 
circuit as inductor. 

20. A lighting system for a discharge lamp as claimed in 
claim 1, characterized in that the overriding fre- 10 
quency control means comprises an overriding fre- 
quency control drcuit (31 , 31 a or 31 b) connected 
between the phase advance detector means (10, 
10a, ^0b or 10c) and the inverter control means for 
causing the inverter control means to make the fre- 75 
quency of the output voltage of the inverter drcuit 
higher than the resonance frequency ( / o ) of the 
resonant circuit when the current flowing through 
the load circuit is ascertained to be in phase 
advance with respect to the output voltage of the 20 
inverter circuit, and for causing the inverter control 
means to make the frequency of the output voltage 
of the inverter circuit lower than the resonance fre- 
quency ( f 0 ) of the resonant circuit when the cur- 
rent flowing through the load circuit is ascertained 25 
to be in phase delay with respect to the output volt- 
age of the inverter drcuit. 
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